I evaluated the diet of the golden-tipped bat, Kerivoula papuensis (Vespertilionidae), at 3 sites in eastern Australia. Spiders (Araneida) dominated (Ͼ95%) feces collected from captured individuals or from beneath roosts at all sites. Araneida also occurred in 63% of 27 captured individuals; fragments of prey were located between teeth or adhering to facial fur at 1 site. A small percentage of fragments were identified to family, and all belonged to the web builders, Araneidae or Tetragnathidae. Marked K. papuensis individuals were observed only in cluttered rain forest, with all individuals flying among vegetation at an average height of about 3.4 m (range, 1-10 m). No direct gleaning attempts were observed, although hovering may have represented a strategy to capture Araneida suspended in webs. These results indicate that K. papuensis is a spider specialist, although smaller quantities of other types of prey were taken, including Coleoptera and Lepidoptera, demonstrating dietary flexibility.
Empirical data from dietary studies of insectivorous bats, primarily based on fecal analysis, have generated debate about the degree of dietary specialization in microchiropterans based on predictions from optimal foraging theory (Krebs 1978) and constraints of perceptual limitations and morphological attributes (Barclay and Brigham 1991) . Foraging tactics of a species and, therefore, prey accessibility are dependent on morphological characteristics such as body size and wing form (Norberg and Rayner 1987) and characteristics of echolocation calls (Fenton 1984; Neuweiler 1984) . Degree of dietary specialization in insectivorous bats also may be reflected in flexibility of individual species to evolve strategies in response to seasonal availability of resources (Kunz 1974) . Some insectivorous bats feed opportunistically (O'Neill and Taylor 1989; Whitaker et al. 1999) , but other species feed selectively * Correspondent: nanuk40@hotmail.com (Anthony and Kunz 1977; Black 1972; Swift et al. 1985) . However, no insectivorous bats have been documented feeding exclusively on a single type of prey, an extreme form of dietary specialization. Whitaker (1994) argued that it is advantageous for bats not to overspecialize so that they can retain their ability to alter their diet based on changing availability of prey.
Spiders (Araneida) generally represent a minor component in the diet of microchiropteran bats (Bauerová 1978; Best et al. 1997; Whitaker et al. 1981) . The importance of Araneida as a dietary component in some species varies among regions (Myotis lucifugus- Anthony and Kunz 1977; Whitaker 1972; Whitaker and Lawhead 1992) and colonies (Plecotus auritus-Rydell 1989) , and seasonally (P. auritus- Shiel et al. 1991) . Such selection of prey fits ecological theory that predicts specialization when prey is abundant but a more opportunistic diet during periods of scarcity (Emlen 1966) .
One species, the golden-tipped bat, Kerivoula papuensis (Vespertilionidae), appears to feed selectively on spiders (Hall 1988) . This species belongs to a widespread but poorly known genus of small to medium-size bats. It is a small (5-7 g), rarely captured species found predominantly in rain forests in eastern Australia, New Guinea, and the Biak-Supiori Islands (Woodside 1995) . Two investigations of the diet of this species based on stomach and fecal samples recorded a predominance of spider remains. Woodside (1995) summarized unpublished data for 20 individuals from a number of localities in eastern Australia and Papua New Guinea, which indicated an almost exclusive incidence of spider remains in the feces. In a preliminary investigation of the diet of K. papuensis, spiders formed a major component of the diet, occurring in 92.5% of 53 feces collected in summer and autumn in northeastern New South Wales, Australia (Schulz and Wainer 1997) .
I tested the hypothesis that K. papuensis is a spider specialist and examined foraging strategies used to capture Araneida in the Richmond Range of Australia. My investigation included the cooler months when spiders are less abundant and K. papuensis should exhibit a more generalist feeding strategy, foraging on whatever Araneida and insects are available. If the high incidence of Araneida in the diet of K. papuensis reflects a seasonally abundant food, I predicted that sympatric species would also target spiders seasonally. That hypothesis was tested by an examination of the diet of sympatric microchiropterans in the Richmond Range during the dry and wet seasons, coinciding with predicted periods of reduced availability and abundance of prey, respectively (Miyashita et al. 1998; Moring and Stewart 1994) .
MATERIALS AND METHODS
Study sites.-The primary study site was located in the headwaters of Culmaran and Tryney creeks, Richmond Range National Park (28Њ48ЈS, 152Њ44ЈE) in subtropical northeastern New South Wales, Australia. Elevation ranged from 300 to 580 m above mean sea level, and vegetation was dominated by complex notophyll vine forest (Floyd 1980; Webb 1978) . Climate was warm subtropical with a well-defined summer-autumn peak of rainfall from December to April (wet season) and a dry winter and spring (dry season-Bureau of Meteorology 1969). At that site, feces were collected during 10 visits between June 1995 and December 1996.
I analyzed the diet of K. papuensis at 2 additional sites to assess differences in dietary habits among localities. One site, on Carney Road in Mebbin State Forest (28Њ27ЈS, 153Њ11ЈE; referred to as Mebbin) was 59 km northeast of the Richmond Range. Mebbin was 155 m above mean sea level and had a seasonal climate similar to that of the Richmond Range (Bureau of Meteorology 1969) . Vegetation was dominated by tall open forest of flooded gum (Eucalyptus grandis, Myrtaceae) with rain forest substory. Fecal pellets were collected from 9 individuals captured in 25 trap nights during 3 visits: 7-8 February 1995 , 21-23 March 1995 , and 18-20 December 1996 .
The 2nd additional site was located in Mt. Baldy State Forest (17Њ17ЈS, 145Њ25ЈE) in northeastern Queensland, about 1,600 km N of the site in the Richmond Range. Climate was tropical with a distinct monsoonal season characterised by wet warm summers (January-April) and relatively dry cool winters and springs (MayDecember). Elevation ranged from 1,000 to 1,200 m above mean sea level, and vegetation was dominated by rain forest, which was described as microphyll vine-fern forest (Tracey and Webb 1975) . Fecal pellets were collected from 13 K. papuensis captured in 176 trap nights during 3 visits to the site: 11-17 December 1995 , 16-20 April 1996 , and 15-26 June 1996 . Data for these 2 sites were included because of the large number (n Ͼ 20) of fecal pellets collected within a climatic season. Whitaker et al. (1999) suggested that analysis of Ն20 pellets/ sampling period was needed to account for major foods eaten by the Indian pygmy bat (Pipistrellus mimus).
Dietary analysis.-Diet of K. papuensis was assessed primarily using fecal pellets collected from individuals captured in harp traps. Traps usually were checked 1-5 h after sunset and at dawn to account for prey captured in evening and predawn feeding bouts (Whitaker et al. 1996) . Only pellets voided from individuals while processing or when held in clean holding bags were collected. All K. papuensis were kept individually in cloth bags for 1-13 h. Sex and age (Racey 1974 ) of captured individuals was recorded. Seventy-seven pellets were collected from 42 of 130 individuals (including recaptures) captured in 1,292 trap nights in the Richmond Range. Number of pellets collected from an individual varied from 1 to 4. Feces (n ϭ 28) also were collected from plastic sheets placed beneath 3 diurnal roosts located in suspended nests of the yellow-throated scrubwren, Sericornis citreogularis (Pardalotidae) in the Richmond Range (Schulz 2000) . Drop sheets had limited success because roosts frequently were vacated after 1 day.
Because of the difficulty in obtaining pellets, feces collected within a season from individuals captured before and after midnight and from both sexes were pooled. Schulz and Wainer (1997) found no significant difference in frequency of occurrence of Araneida between male and female K. papuensis. Fecal pellets collected from juveniles were not included in the analysis.
Pellets collected in different years were pooled into wet (n ϭ 44) and dry (n ϭ 61) seasons in the Richmond Range. Fecal pellets collected at Mt. Baldy in December 1995 (n ϭ 27) and April 1996 (n ϭ 3) were combined to form a wet-season sample. The dry-season sample was limited to 6 pellets collected in June 1996. At Mebbin, fecal pellets collected in February 1995 (n ϭ 10), March 1995 (n ϭ 7), and December 1996 (n ϭ 5) were combined to form a wet-season sample.
Fecal pellets were air-dried and stored separately. In the laboratory, each pellet was placed in 70% ethanol to soften for about 10 h and then teased apart using fine needles for examination under a dissecting microscope (10 by 0.8). Identification of prey to ordinal level was achieved for insects using keys and descriptions (e.g., McAney et al. 1991; Whitaker 1988) and for Arachnida by comparison with the reference collection in the Museum of Victoria, Melbourne, Australia. Araneida were identified on the basis of long flexible bristles on tarsal segments, structure of chelicerae, and curved terminal claws among or protruding from bristles out the end of the legs J. Wainer, pers. comm.) . I calculated the frequency of occurrence (number of fecal pellets containing Araneida fragments/total number of pellets in a sample ϫ 100-Whitaker 1988) for each seasonal sample. Additionally, in the Richmond Range, the percentage occurrence of Araneida was calculated for monthly samples when Ͼ10 pellets were collected. Volume of prey in feces was not calculated because of possible bias (Rabinowitz and Tuttle 1982; Robinson and Stebbings 1993) .
As a supplementary method for assessing diet in K. papuensis, I collected dietary fragments lodged between teeth or adhering to facial fur around the mouth. Fragments were collected from 27 of the 79 K. papuensis captured in the Richmond Range between December 1995 and December 1996. Fragments were collected with fine-pointed forceps and stored in 70% ethanol for subsequent identification.
In the Richmond Range, frequencies of Araneida in diets of 7 sympatric species of microchiropterans were investigated: eastern horseshoebat (Rhinolophus megaphyllus), chocolate wattled bat (Chalinolobus morio), little bentwing bat (Miniopterus australis), large bentwing bat (M. schreibersii), Gould's long-eared bat (Nyctophilus gouldi), greater broad-nosed bat (Scoteanax rueppellii), and eastern forest bat (Vespadelus pumilus). For all species, I collected Ն20 fecal pellets (maximum of 1 pellet/adult individual) in the wet and dry seasons in 1996, except for S. rueppellii; collection of pellets for that species was limited to the wet season because it rarely was captured at other times.
Foraging behavior.-I examined foraging behavior using light tagging (Buchler 1976 ) and reflective bands. In the Richmond Range, 23 adult K. papuensis were fitted with light tags (Buchler 1976) , consisting either of small, hollow glass spheres (7.5-8.0 mm diameter) filled with Cyalume (Cytec Omniglow Company, Novato, California) or fishing lights (Gansel Australia, Milperra, Australia). Tags were attached to the fur between the shoulder blades with Skin-Bond Cement (Pfizer Hospital Products Group, Inc., Sydney, Australia). All bats were tagged on the night of capture when there was no rain or wind. When Ͼ1 bat was light tagged on the same night, release sites were separated by Ն1 km. Light tags weighed 0.4 g, about 6% of the mean mass of 6.7 g Ϯ 0.1 SD (n ϭ 145) of K. papuensis.
Light-tagged bats were released at the point of capture and followed until lost from view, after which the area was scanned continuously for resightings for Ն30 min. Habitat used, height of the bat estimated to the nearest meter, and flight behavior were recorded at 5-s intervals using a minicassette tape recorder. Habitat was assigned to 3 categories based on degree of structural clutter (Fenton 1990 ): open eucalypt forest, Ͼ5 m from vegetation within rain forest (e.g., canopy gaps), or Յ5 m from the foliage, branches, or trunks of trees and shrubs in rain forest. Activity was classified as flying, hovering, or stationary. Light-tagged bats followed for Ͻ10 s were not included. Observations on the 2 sexes were pooled.
Additionally, bands marked with white or red reflective tape (Scotchlite, 3M Company, St. Paul, Minnesota) were affixed to the 79 K. papuensis (including recaptured bats) captured between December 1995 and December 1996 in the Richmond Range. Incidental sightings of Scotchlite-marked bats using a 30-W or 50-W portable spotlight were recorded while moving about the study area. Scanning for individuals was not limited to rain forest, with about 25% of the time spent in transit between trapping sites in adjacent open forests and within the rain forest-open forest ecotone. When sighting those bats, I recorded habitat and estimated height above the ground and activity using the same categories used for light tagging. Only sightings of banded bats that occurred Ն5 min after a previous sighting at the same locality were included in the analysis.
Availability of web-building Araneida.-Most Scotchlite-marked individuals were encountered near trapping sites, suggesting that K. papuensis frequented those areas for foraging. I assessed availability of Araneida by conducting visual censuses (adapted from Bradley 1993; Moring and Stewart 1994) at 4 trapping sites in the Richmond Range. Those sites had the highest rates of capture of K. papuensis and the majority of sightings of Scotchlite-marked individuals. At each trapping site, 5 sample plots separated by Ն5 m were established. Plots were 5 by 5 m and extended to a height of 5 m, where the majority of light-tagged and Scotchlite-marked individuals were encountered. Censuses were conducted on nights with no rain or wind during the first 3 h after sunset. Each plot was censused by walking slowly, scanning with a headlamp, and recording the number of spiders in webs. Counts were conducted during 2 periods in the wet season (February and December) and the dry season (May and August) in 1996.
Analyses.-A 1-way analysis of variance on log-transformed data was used to determine if there were differences in number of web-building Araneida among 4 sample periods: May, August, December, and February. Homogeneity of variances was established using Levene's test, and Tukey's test was used to determine significant differences between means. A chi-square test with Yates's correction for continuity (Zar 1984 ) was used to test for differences in frequency of Araneida present in feces of M. australis collected in the Richmond Range during the dry and wet seasons. Data were analyzed using Statistica 5.1 (Statsoft, Inc., Tulsa, Oklahoma), and a significance level of 0.05 was used for all tests. A statistical comparison of the height of flight of light-tagged and Scotchlitemarked bats was inappropriate because of the potential for nonindependence of data.
RESULTS
Diet.-Spiders were the dominant food of K. papuensis, occurring in 99.1% of 105 fecal pellets collected in the Richmond Range (Table 1) . Because the fragments in the feces were finely chewed, it was not possible to identify Araneida below ordinal level. Five orders of insects also were recorded; Coleoptera (4.5%) and Lepidoptera (6.8%) were most frequently represented. Remains of spiders were common in all 4 months when Ͼ10 fecal pellets were collected, with the lowest frequency (91.7%) recorded in December.
Araneida (63.0%) and Coleoptera (22.2%) were the dominant taxa identified from fragments collected between the teeth and adhering to facial fur of 27 K. papuensis captured in the Richmond Range (Table  1) . Fragments of 5 individual spiders were identified as belonging to the orb-weaver spiders (Araneidae; n ϭ 4) and the bigjawed spiders (Tetragnathidae; n ϭ 1).
At both Mt. Baldy (94.4%) and Mebbin (95.5%), the most common prey of K. papuensis was Araneida (Table 1) . At Mt. Baldy, the small sample of pellets collected in the dry season made it difficult to com- optera, occurring in all 22 pellets analyzed, followed by Araneida, occurring in 13.6% of pellets.
Foraging behavior.-Eighteen lighttagged K. papuensis were followed for 1,155 s, and Scotchlite-marked K. papuensis were sighted on 83 occasions. No individuals were seen outside rain forest, and within that forest, all observations were in cluttered habitat away from gaps. Typically, individuals used a slow fluttery flight, weaving among foliage and branches in the substory (maximum observed height above the ground was 10 m). Heights of Scotchlite-marked individuals (3.5 Ϯ 2.2 m; n ϭ 83) were similar to those of light-tagged bats (3.4 Ϯ 0.1 m; n ϭ 185 5-s observation periods; Fig. 1 ). I could not distinguish between rapid changes of direction associated with detection of prey and directional changes required to avoid obstacles. Therefore, no measure of prey detection was possible. No direct gleaning attempts were observed. Although hovering accounted for 1.3% of total light-tagged observations, it was not possible to determine if such behavior was executed in front of spider webs. No individuals landed on the ground. Stationary behavior of light-tagged bats on foliage or branches accounted for 15.1% of total observations, but such behavior appeared to be attempts to remove the tag.
Availability of web-building Araneida.-Web-building spiders were present yearround in the Richmond Range. 
DISCUSSION
Fecal analysis probably is a reliable measure of the occurrence of Araneida in the diet because spider fragments are unlikely to be overlooked because of readily identifiable structures such as legs . Additionally, fecal analysis is regarded as a ''relatively reliable method'' in detecting hard-bodied prey (Dickman and Huang 1988:112) , such as Araneida. An alternative approach is collection of fragments lodged between teeth and adhering to facial fur of trapped bats. Such items likely are not masticated as finely as fragments present in feces, thus providing a better opportunity for identification to family level. Spiders of both Araneida families that I identified, Araneidae and Tetragnathidae, build orb webs (Preston-Mafham and Preston-Mafham 1984). Schulz and Wainer (1997) also recorded chewed remains of a single spider of the Araneidae adhering to web on facial fur of a K. papuensis. Most Araneidae and Tetragnathidae spiders construct webs after dark, with the latter frequently near or over watercourses (Wise 1993) .
Web-building Araneida, although present throughout the year, occur in reduced numbers in the dry season. Based on feeding patterns of other species (Emlen 1966; Fenton 1974) , I predicted that K. papuensis would exhibit a generalist feeding strategy during the dry season when web-building spiders were relatively uncommon. How-ever, Araneida were recorded in all feces from the dry season, suggesting an anomaly between availability of web-building Araneida and frequency of occurrence in feces. There are 2 likely explanations for this. First, some insectivorous bats change foraging habitats in response to local abundances of prey (de Jong and Ahlén 1991). K. papuensis may have foraged in other areas or habitats with higher densities of webbuilding Araneida than those measured at my sampling sites (Whitaker 1994) . Second, K. papuensis may prey on other types of Araneida, in addition to web builders, especially during the dry season.
The apparent selectivity of Araneida by K. papuensis may be the result of foraging in cluttered habitat. All observations of light-tagged and Scotchlite-marked individuals were in the understory of rain forest. Foraging theory predicts that a predator should feed opportunistically on the most rewarding prey, regardless of taxa, assuming that the predator has the ability to detect, capture, and process them successfully (Pyke et al. 1977) . The high frequency of Araneida in the diet of K. papuensis may reflect abundance of this taxon in cluttered microhabitat. K. papuensis possesses the wing morphology required by bats using a ''clutter'' foraging strategy (Aldridge and Rautenbach 1987:775) , such as a low aspect ratio and low wing loading, suggesting an ability to fly slowly within vegetation (Rhodes 1995) . The large tail membrane and broad wings should enable the species to make tight turns while flying, and the rounded wing tips are associated with high maneuverability (Norberg and Rayner 1987; Rhodes 1995) . Ability to select prey may be enhanced in slow-flying species, such as K. papuensis, due to the increased time between detection of a target and capture (Barclay and Brigham 1994) .
A frequent foraging strategy in cluttered habitats is gleaning. Ground gleaning requires the ability to capture and handle prey on the ground, but hover-gleaning bats take prey from elevated surfaces, such as foliage and tree trunks, while hovering or flying slowly (Norberg and Rayner 1987) . Hovergleaning bats have a high degree of maneuverability and agility resulting from average-length wings, low wing loading, rounded wing tips, and ability to produce optimal lift through high wing-beat frequency and amplitude (Norberg and Rayner 1987) . K. papuensis conforms to the wing morphology required for a hover-gleaning foraging strategy, based on wing-loading characteristics lower than reported in other vespertilionids, in conjunction with rounded wing tips and average-length wings (Rhodes 1995) . Light-tagged individuals hovered in the present study, although it was not possible to identify conditions that elicited this behavior.
Similar to other bats in the Kerivoulinae, characteristics of K. papuensis echolocation calls are an adaptation to foraging in highly cluttered space: frequency modulated (FM) calls of large bandwidth and short duration, extremely high frequencies, and low intensity (Kingston et al. 1999) . Echolocation calls of K. papuensis sweep from 155 kHz to 60 kHz in Ͻ3 ms (Woodside 1995; Woodside and Taylor 1985) . Ultrasonic calls have low intensity, with a maximum detection range of 1-1.5 m, as measured with an Anabat II detector (Titley Electronics, Ballina, Australia -Rhodes 1995) . The large bandwidth facilitates accurate localization of a target, which is critical for bats hunting small prey within dense vegetation, whereas high frequencies may allow spectral discrimination of stationary prey, such as required for recognition of a spider in a web (Kingston et al. 1999) .
The importance of aerial hawking in K. papuensis could not be quantified because I could not confirm that rapid changes of direction in light-tagged bats were related to attempted capture of prey. The 5 orders of insects recorded in fecal pellets may have been caught by aerial hawking, captured from webs, or gleaned from other surfaces. Absence of large mats of spider webs in feces suggested that it was unlikely that insects were taken from webs. Observations of light-tagged and Scotchlite-marked K. papuensis did not reveal any evidence of direct gleaning of prey from surfaces, such as foliage or tree trunks. However, tagged individuals frequently were lost from view for brief periods, and the period of observation of light-tagged individuals may have been insufficient to observe gleaning behavior (Brigham et al. 1997) . Gleaning species frequently use other foraging tactics (Norberg and Rayner 1987) , and it seems likely that insects were taken by aerial hawking.
Occasional gleaning may account for small quantities of Araneida in the diet of sympatric insectivorous bats that predominantly use a slow hawking foraging strategy (Norberg and Rayner 1987) . Alternatively, predation on ballooning spiders may account for presence of Araneida in diets of some bats (Best et al. 1997) . The absence or relatively low incidence of spiders in the feces of sympatric species suggests that Araneida were not exploited as a seasonally abundant food. However, absence of spiders in diets of some species may be a function of perceptual limitations and ecomorphological attributes, resulting in these species being unable to either detect or capture spiders. M. australis had the highest incidence of Araneida in the diet (30.2%), with little difference in the frequency of Araneida in fecal pellets collected in 2 seasons in the Richmond Range. This species also consumed a variety of insects, especially Lepidoptera and Coleoptera. This small (5-8 g) bat has a high aspect ratio and a broadbandwidth frequency-modulated call (Jones and Corben 1993) and usually flies rapidly between shrub and canopy layers within forested habitat (Dwyer 1965) . The 2nd species, S. rueppellii, had a lower incidence (13.6%) of Araneida in the diet. This large (20-35 g) bat has a shallow, low-frequency frequency-modulated call, high wing loading, and intermediate aspect ratio, suggesting that flight is characterized by limited maneuverability and moderate speed in open situations (Dwyer 1965; Woodside and Taylor 1985) . These characteristics are consistent with capture of slowly flying insects, such as Coleoptera (Hoye and Richards 1995) . In a previous study, Araneida were found in 3 of 12 fecal pellets that were analyzed (Woodside and Long 1984) . Limited published observations suggested that S. rueppellii forages along edges of forest at the level of the canopy (Dwyer 1965 ). It appears somewhat contradictory that a species with low maneuverability and that feeds mostly on slowly flying insects also preys on Araneida.
Kerivoula papuensis is the 1st microchiropteran reported to specialize on Araneida. Frequency of Araneida in feces was high in wet and dry seasons, and Araneida also were the predominant prey lodged between teeth and adhering to facial fur. Observations of light-tagged and Scotchlite-marked bats suggest that rain forest substory provides important foraging habitat. Further research is needed to investigate how K. papuensis captures Araneida and how foraging strategies relate to local abundances of prey in a seasonal environment. 
ACKNOWLEDGMENTS

